Republication or reproduction of this report or its storage and/or dissemination by electronic means is permitted without the need for formal IUPAC permission on condition that an acknowledgement, with full reference to the source along with use of the copyright symbol ©, the name IUPAC and the year of publication are prominently visible. Publication of a translation into another language is subject to the additional condition of prior approval from the relevant IUPAC National Adhering Organization. This document describes the nomenclature in greater detail and extends it to cover branched polyspiro systems and compounds where three rings have one common spiro atom. A new notation, based on the von Baeyer method of naming spiro systems where all components are monocyclic, allows both unbranched and branched polyspiro systems to be named without ambiguity. It also enables the names to be readily interpreted.
PREAMBLE
The nomenclature and name spirane were proposed by von Baeyer [1] for bicyclic compounds with only one atom common to both rings. When a polycyclic ring system is spiro-fused to another ring or ring system Radulescu [2] recognised that each ring system needed to be named separately and, in addition, details of the spiro-fusion must be specified. These two systems were adopted by Patterson [3] in his study of ring systems. A third method of naming spiro compounds was adopted by The Chemical Society [4] , which was documented with the other two in the JUPAC rules [5] . The von Baeyer system was covered by rules A-41.1 to A-41.3, A-43.1, B-1O.1, and B-i2.i; see also C-33i.2, C-514.3, D-6.24, D-6.93 and D-7.51 for further examples. Its extension to three or more monocyclic rings spiro-fused is in rule A-41 .6. The method for systems containing polycyclic components is in rules A-4i.4, A-41.7, A-43.1, B-1O.2 and B-12. 1 and the third method, which is not used in this document, is in rules A-42 and B-11.1. A special method used when both polycyclic systems are identical is in rule A-41.5, B-1O.2, D-6.7i and D-6.94. See also the summary in recommendation R-2.4.3 [6] . Additional examples are given in the Radicals, Ions and Radical Ions document [7] .
In this document only the von Baeyer system, the spirobi[.. ..] and spiro[. . ..] methods are documented and extended to more complex systems, for example with branched spiro systems. In most cases the methods closely follow Chemical Abstracts practice ( [8] , Appendix IV, ¶ 156). Some differences are noted below.
This document replaces rules A-4i, A-43, B-iO, B-i2 and R-2.4.3. The alternative methods of rules A-42 and B-il are abandoned.
SP-O Spiro
A spiro compound has two (or three) rings which have only one atom in common and the two (or three) rings are not linked by a bridge. The rings may form part of other ring systems (fused ring, bridged fused ring, system named by von Baeyer nomenclature, etc.). The common atom is known as a spiro atom. Spiro-fusion has been termed spiro union.
SP-1 Compounds with only monocyclic ring components SP-1.1 Monospiro hydrocarbons with two monocyclic rings are named by the prefix spiro before a von Baeyer descriptor (indicating the numbers of carbon atoms linked to the spiro atom in each ring in ascending order and separated by a full stop) placed in square brackets and then the name of the parent hydrocarbon indicating the total number of skeletal atoms, e.g. spiro [4.4] Unbranched polyspiro hydrocarbons composed of only monocyclic rings are named using dispiro-, trispiro-, etc. indicating the total number of spiro atoms present and the name of the parent hydrocarbon corresponding to the total number of carbon atoms present. Between the prefix and hydrocarbon name there is placed the von Baeyer descriptor which indicates the number of carbon atoms linked to the spiro atom or linking spiro atoms. The numbers are cited in order starting with a terminal ring and proceeding to the other terminal ring and back to the first via the other linking units. The numbers are separated by full stops and placed in square brackets. The compound is numbered in the order in which the numbers of its von Baeyer descriptor are cited. For trispiro and higher spiro systems each time a spiro atom is reached for the second time its locant is cited as a superscript number to the corresponding number of linking atoms [9] .
Examples: SP-1.5 Branched polyspiro hydrocarbons composed of only monocyclic rings are named using trispiro-, tetraspiro-, etc. indicating the total number of spiro atoms present and the name of the parent hydrocarbon corresponding to the total number of carbon atoms present. Between the prefix and hydrocarbon name there is placed the von Baeyer descriptor which indicates the number of carbon atoms linked to the spiro atom or linking spiro atoms. The numbers are cited in order starting with a terminal ring and proceeding to the next terminal ring and so on to the first spiro atom. The numbers are separated by full stops and placed in square brackets. The compound is numbered in the order in which its von Baeyer descriptor is cited. Each time a spiro atom is reached for the second time its locant is cited as a superscript number to the corresponding number of linking atoms [9] .
Note: Without the superscript numbers this name would be the same as the name of the second example under SP-1.4 without superscript numbers. SP-1.6 Ring systems composed of three monocyclic rings with only one spiro atom (i.e. a hexavalent spiro atom) are named by placing the prefix spiro-before the von Baeyer descriptor followed by the name corresponding to the hydrocarbon with the total number of skeletal atoms present in the ring system. Heteroatoms are indicated by replacement terms (SP-1.3) and non-standard valency by the lambda symbol [11] (see SP-7 for further details). The locant of the spiro atom is used as a superscript number to the corresponding number of the von Baeyer descriptor to indicate each time the spiro atom is revisited [9] .
Example: Examples:
• . .
SP-4.4 Ring systems spiro-fused to natural products may also be named in a similar way to SP-4. 1. Examples are steroids (rule 3S-1O.3, [14] ) and carbohydrates (rule 2-Carb-35.3, [15] ).
SP-5 Unbranched polyspiro compounds with at least two different components and at least one of which is polycyclic SP-5.1 Unbranched polyspiro compounds with at least two different components and at least one of which is polycyclic are named by placing each component name in order of occurrence in square brackets beginning with the terminal component earlier in alphabetical order, with a prefix to indicate the number of spiro atoms in front (dispiro-, trispiro-, etc.). Locants of the first cited component are unprimed, the next one is primed and so on. Locants which form part of the name of the second and later components are not primed but cited in square brackets. The positions of the spiro atoms are indicated by the appropriate pair of locants separated by a comma between each pair of component ring system names. Indicated hydrogen, if necessary, is cited in front of the complete name. If there is a choice of names the first cited is the one earlier in alphabetical order for the second (then third etc.) Examples: Note: This is the traditional method of naming such systems but the use of a multiplicative prefix as in the third name of the above example is more concise and unambiguous.
SP-6 Branched polyspiro compounds with at least one polycyclic component
When three or more components are spiro-fused to the same component the ring system is described as a branched spiro-fused ring system. Terminal components have only one spiro atom. SP-7 Spiro systems containing atoms with non-standard valency In addition to the normal use of the lambda symbol [11] there are a number of special situations with spiro systems. Non-standard valency is stated in the normal way with the appropriate locant when cited as part of the name, otherwise at the start of the name. If the spiro atom has non-standard valency the symbol is associated with the less primed locant and is placed at the front of the name except for cases described in SP-7.2. Where there is a choice the first cited component (unprimed locants in a spirobi[....] type name) is used for indicated hydrogen. Note: CAS index names differ from the above in that the lambda symbol is associated with the more primed locant at a spiro-fusion site and is separately quoted in front of a spirobi[....] type name. As noted below CAS index names do not always name the mancude system [13] . benzoxathiole]
